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Kinetics of Superoxide-Mediated Reduction of
Organically Complexed Iron and Ferric Iron


































































































































































































































2. Superoxide-mediated dissolution of amorphous ferric oxyhydroxide in seawater 
The SO-mediated dissolution of AFO was 
'" 
f irstly investigated by 
spectrophotometricahy examining the rate 
of formation of a ferrous-ferrozine complex 
(Fe(II)(FZ)3) with paTticular attention given 
to the effect of ageing and iron 
concentration on the rate of SO-mediated 
d{ssolution of AFO (Figure 2). It was 
found that superoxide generated at rates 
typical of those expected in natural aquatic 
systems is capable of reducing FeGII) 
present in amorphous ferric oxide. The first 
order rate constants of overall reduction of 
Fe(Ill) (k'*,d) are strongly dependent upon 
the age of the AFO, with a decrease in k'red 
by approximately an order of magnitude on 





















































(a) 50 nM Fe(III) 
1~ . 
o
 50 100 150 200 
Figure 
























(c) 200 nM Fe(Ill) 
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Age of precipitate (hr) 
rates of ferrous-ferrozine 
1 5a 2Qa 
complex fro m 
superoxide-mediated dissolution of amorphous ferric oxyhydroxide in 
seawater (pH 8.2), with addition of (a) 50 nM Fe(lll), (b) 100 nM 
Fe(lll), (c) 200 nM Fe(lll) and (d) 500 nM Fe(lll). The solid iine is the 
line of model fit and the dashed line is the best fit using the modified 
model. 
our studies indicate that thermal dissociation (dissolution) of AFO occurs prior to reduction of dissolved inorganic 
iron by superoxide. Whether such a reductive process influences the bioavailability of iron to microorganisms will 
most likely be dependent to a large extent on the mechanism by which the organism acquires its iron supply. If the 
organism has an affinity for reduced iron species, any Fe(II)' produced as a result of the superoxide-mediated 
reduction of Fe(IID may be rapidly bound by strong ferrous binding ligands at the cell surface and subsequently 
intemalized. Alternatively, if strong Fe(II)-binding ligands are not present to trap the ferrous iron, it is likely be 
rapidly oxidized back to the ferric state either in bulk solution or at the cell surface, especially if strong Fe(lll) 
binding ligands are present. 
3. Develop,nent of an ion exchange separation method for characterization of the form and reactivity of iron in 
coastal waters 
In this work, a novel technique for the selective separation of iron complexed by organic ligands and 
ligand-adsorbed AFO by using AER has been developed (Figure 3) and its viability for characterisation of the 
form of ferric iron in seawater was coufirmed through laboratory-based experiments on seawater containing 
various mixtures of precipitated and organically complexed Fe(Ill). AFO aggregates associated with organic 
ligands undergo acid-mediated dissolution relatively slowly and appear to maintain residual negative charge at 
low pH; thus they are relatively easily separated by the AER treatment from dissolved Fe(III) organic complexes, 
which dissociate rapidly to form positively charged ferric species. 
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Table I . The rate constants for the kinetics of iron and various organic ligands in seawater at pH 8.2. 
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3.6 (~ 0.3) 
B.2 (~: 0.9) 
2.6 (~: 0.9) 
3.5 (:!: 0.1) 
7.3 (:!: 0.3) 
5.7 (:!: 0.3) 
5.0 (i 0,2) 
3.7 (~: 0,6) 
G.1 (~: 1.8) 
2.7 (:t 0.2) 
6.2 (:~ 0.7) 
G.4 (~ 0.7) 
0.086 (:t 0.04) 
0.21 (:~ 0.01) 
14.7 (:t 10.2) 2.5 (~ 1.3) 13.4 (t2.0) 
6.9 (t2.0) 1.6 (:~ 1.1) 11,7 (~: 1.1) 
7.4 (~:4.1) 2.1 (i 1.0) 12.8 (:~2.3) 
10.5 (:!:2.9) 2.2 (~0.9) 9.0 (:2:2.5) 
11.1 (:!: 1.4) 4.2 (~: 1.3, 19.5 (~:6.5) 
12.5 (~:2.a) 8.1 (~2.6] 14.0 (~2.2) 
12.O (i 1.1] 8.5 (:!: 1.4) 14.7 (t 1.7) 
20.0 (~: 11.0} 8.1 (t2.9) 12,8 (~: 1.5) 
6.9 (i 1.8) 8.3 (~l_5) 12.7 (~ 1.8) 
9.0 (:!: 4.5) 6,8 (~: 2.8) 1 3.5 (~: I .3) 
15.4(~11,~) 6.8(:t2.7) 12.5(:':2.1) 
12.8 (~: 3.2) 5,1 (:!: 2.6) 1 5.4 (:!: I .o) 
7.O (:t 8.8) 
3.6 (:t I .5) 
7.0 (:t O.9) 
1 0.0 (:!: I .8) 
1 1 .1 (:t 1.8) 
72.9 (~ 20.e) 
1 0.9 (:~ 2.0) 
6.0 (:!: 0.7) 
6.3 (~: 0.1) 
6.3 (~: 0.6) 
6.4 (:~ 1 .9) 
7.8 (~: 0.9) 
8.1 (:~ 1 .6, 
7.3 (~: 0.3) 
5.6 (~; o.5) 
o.63 (~: 0.8) 
1 9.2 (i 6.4) 
l9.1 (:~ 3.3] 
1 2.4 (:t 0.8] 
452 (:!: 3.5) 
25.4 (t I .6) 
22.9 (:t 7.9) 
25.3 (~: 6.7, 
1 4.5 (~: 4.3) 
52.0 (~: 5.3) 
19.5 (~: I .6) 
21 .3 (~ 3.5) 
5.6 (~: 2.G) 
8.6 (t 0.1) 
1 2.2 (t 6.4) 
1 0.5 (:t a.4) 
1 0.0 (~: 0.5) 
8.7 (~: 0.7) 
1 6.2 (~: 0.8) 
1 4.6 (t: 0,3) 
1 2.4 (~: 0.6) 
1 1 .4 (E~ 0.1 ) 
8.3 (:2: 0.2) 
23.0 (~: 0.9) 
1 0.7 (:~ 0.6) 
1 1 .6 (:~ 0.01) 
6.9 (:!: I .8} 
4.e (~: 0.4) 
8.2 (t o.1) 
2.9 (:t 0.8) 
3.9 (~: 0.4] 
5.6 (~: I .4) 
8.8 (* 0.6) 
3.8 (i 0.8) 
3.4 (:t 0.6) 
2.0 (:t O.08) 
2.5 (~ 0.7) 
3.9 (~ 0.4) 
2.6 (:S 0.7) 
3.0 (:t 0.1) 
2.8 (:~: 0.1) 
1 .8 (:!: 0.6) 
21 .8 (:~ 1 .1 ) 
6,7 (~: 2,3] 
5,e (t: 0,8) 
4.3 (~: I .O) 
4.6 (i 0.8) 
1 3.7 (:~: 0.4) 
1 1 ,6 (:t a.G) 
7.0 (:s o.9) 
7,3 (i 0.4) 
13.1 (:t 1,1) 
9.9 (~: 3.3) 
1 0,5 (~ 0,6) 
1 0,2 (~: 7.G) 
N.D. 
N,D. 
reduction of the organic Fe(III) complex, is significant 
for the strong-binding ligand complexes of NOM 
(Figure 5). In natural coastal water containing NOM, 
therefore, Fe(ll)' production via pathway I seems to be 
important. Because Fe(Il)' production via each pathway 
is largely affected by the reactive oxygen species and 
competing strong iron chelators, the investigation of the 
pathway will provide significant information on the iron 
availability for uptake. These results suggest that both 
pathways have to be involved in the iron uptake model, 
More than 99 % of dissolved iron in seawater is 
bound to an excess of strong organic ligands resulting in 
limitted concentration (< -0.07 pM) of inorganic 
dissolved iron. Although the organic complexes react 
slowly with transport ligand at the cell surface and are 
not biologically permeable, there are accumulated 
evidences that oceanic microorganisms possess the 
ability to access to the strong-binding complexes. The 
iron bound to other siderophore and in-situ natural 
organic ligands are recently found to be available for 
uptake by oceanic phytoplankton in subantarctic waters. 


















































Predicted rate of Fe(ll)' produotion for complexes by (a) 
(b) weak-binding ligand of NOM. The 
was calculated in a seawater containing 100 nM Fe(lll) 
1 mM FZ, 50 pM xanthine and I unit L~1 XO. In 
200 nM Fe(ili) and 10 IJM 
   (a) R 2nd PaihWa 
   (b) 
Figure 5. 
strong-binding ligands and 
model 
iigand complex, 
the calculation for SOL complexes, 
ligands were used. 
and photochemical production of superoxide is prevalent in marine system. These evidences coupled with findings 
of the present study showing the ability of pico to nanomoal concentration of superoxide to significantly produce 
Fe(ID species suggests that superoxide-mediated reduction of organically complexed ferric iron may play a 
significant role in the iron uptake by coastal and marine microorganisms. 
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